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~ Sampling With Probabilities Proportional to Size =

We are about to start an experimental sampling study for which we
will later examine the mathematical formulas in detail, The data used
are North Carolina county acreages of Peanuts Grown Alone for all Pur-
poses in 190 and 1945, as listed in the 1945 U, S. Census, Each member
of the class will draw an independent sample of 15 countiesg one county

" will be seleoted in each Crop Reporting District, with the exception of
- District 3 where 8 counties will be selected instead of one. The coun=

ties will be selected within Districts with probabilities proportional
to size; the 1940 peanut acreage being the pertinent measure of size,

' State estimates of 1945 aoreages will be made from the various samples

of 15 counties each by computing persent change from 1940 for the sample

‘sounties by Distriots and adding the District estimates to get-thé 195

State.totals .. The necgssary information for drawing the sdmple and ex-.
pending it is given in the following table, 'In addition, évery member
of the olass is provided with & different pert of Yatest tebles of ran-
dom numbers ¢ :- : T e

Tadle 1.‘- Pee;nufcs Grom ‘Alone for All Purposes = IORTHCAROLINA

' o O Ia0 195 I40
DIST, _ 7 ACOUNTY ~ _ _Aores - - Aores - Cumulative Total
1  Alleghany o 0 * o

Avery 0 -0 -0
- Caldwell- Lo 18 Lo
. Surry’ . 9 T2 L9
Watauga 0 o Lo .
Wilkes 5 6 5l
Yadidn 22 2 76
Northern Mountain 76
L Buncombe 0 1 0
Burke 88 2l 88
Cherokee 0 0 88
Clay 1 ) 89
Graham 0 0 89
Haywood 0 0 89
Henderson 0 0 89
~ Jackson .. . 0 L 89
McDowell 1 20 90
Macon 0 1 90
Madison 1l 9 gl
Mitchell 0 0 N
Polk 16 20 107
Rutherford 181 75 288
Swain 0 0 288
Transylvanis 0 0 288
Yancey 0 0 288
Western Mountain . 288
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1940 a5 ST GG
DisT, COUNTY Acres ___Aores Cumulative Total
2 Alamance L6 23 L6
Caswell 7 -1 .- 5%
Durham 2 6 - Bg v
Forsyth 5 S . 60
Franklin- 25 L . 85,
Granville - 26 - Co1e 105
 Guilford - 37 15 12
. Orange ~ ° 6 0 . s -
- Persan ' 3 0 - 151
_Rookingham 19 1 170
~ Stokes 0 0 170
Vance N 5 0 175
Warren = 688 - 67L - 863
’ . . ’
Northern Piedmont 863
5 Alexander L3 58 L3
Catawba Lo8 177 51 -
Chatham . 8 7 L59
Davidson L Tl 503 .-
Davie. - 19 18 g2
Iredell. 86 . 21 608 .
CLeer T T 615
Randolph 21 17 - 636
Rovian 221 179 . 857
. Weke al 20 a8
Central Piedmont .9L8
8 Anson 58 51 58
Cabarrus 129 n 187
Cleveland 161 256 31,8
Gaston 128 160 Ly76
Lincoln 205 19 681
Mecklenburg 100 86 - 781
" Montgomery 3l L5s 815
Moore 31 201 8li6
‘Richmond 70 1,86 916
Stenly 37 0 953
Union L) L 997

Southern Piedmont

97




-

19040 195 1940

DIST, . " COUNTY o hores Aores Cumilative Total
3 Bertie 32,232 36,890 32,032
Camden . %326 227 32,558
Chowan , 10,874 11,617 ’ L3,432
Currituck . é2 . 52 L3,49k
Dare ' 1 : 0 L3,Lh95
Edgecombe ~ 20,248 25,32 63,743
_ ‘Gates 11,504 11,350 15,24,
Halifax 37,355 36,410 112,602
Hertford ' 22,510 22,534 135,112
Martin = 19,786 - 21,535 15,898
Nash . 3,764 L,3L5 - - 158,662
Northampton . 37,125 _ 39,708 © - 195,787 .
Pasquotank o )-&1-}3 ' ‘509 © 196,230
. Perquimsns ' 7,381 - 10,161 - . ‘203,611
Tyrrell - '538 ©oqoL - 204,149
Washington . . 6,035 6,506° © - - 210,1
Northern Coastal 210,184
6 . Begufort 917 3,038 , 917'
Cartoret = 1,527 1,507 2Lk
Craven . v 31l 530 2,758
Greene ‘ 161 1,13, T "2,919
Hyde_, e ) 7 Ll-,-l- L 20926
Johnston 262 206 ¢ YT 3,188
Jones .- - . - - 1,283 1,683 L,h71
Lenoir 528 776 - - kL,999
Pamlico - = 22 5 5,0 1
Pitt : 5,709 15,685 - 10,
Wayne N S L73 218 1y 213
Wilson }M.L 932 | ce 11,557
Central Coastal  ° 11,557
9 Bladen . . . _ 6,7 9,223 - 6,7l
- Brungwick . .. L,758 3,78+ " 11,199
Columbus 2,081 3,99)4. ot 13,580
Cumberland .~ . 1,002 901 ' '1&,582 _
Duplin N 2, 166 0 2,3%0 - 16,748 .
Harnett 16 30 - >u~16;76h .
Hoke 12 161 16,776
New. Hemnover 315 736 ‘ 17,091
Onslow © 6,603 3,219 23,7l
Pender . 3,915 3,050 - - 27,629
Robegon - S o8 ~ 1,132 - 28,037 .
Sampgon =827 935 : 28,86L .
Seotland L ey ¢ 358 . 28,878 -,
Southern Coastal . 28,878 -

State Total " 253,791 . 290,L28
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The process of drawing a sample of coumties is simple. For ex~
ample, to select the sample county from District 1, take a random number - -
from 1 to 76, Locate the first cumulative total 1n the colum of 1940
cumilative peanut acreages that contains this random number, The county
corresponding to that number ig the sample county, It will be noted that
any random number from 1 to LO would gelect Caldwell, a number from 11 te
L9 would select Surry, and so on., In District L;, the county would be
selected in the same way expept that a random number from 1 to 288 is
needed for the selection,

Distriot 3‘ is of particular interest here beeause 8 counties are
to be drawn, The. first random number within the required range is certain
to select a county but eny following draw may possibly hit a county al-
ready selected, When that happens.it is necessary to continue drawing
random numbers until we reach the quote of 8 different sample counties,
For purposes of apalysis later it is important that a record be kept of
each drawing so that every member of the class can go to the data later
and determine which counties were hit by each drawing and the order in
which they were hit, - Por example, Harold Walker obtained. the following
sample of counties on 19 draws: - .

" County: : o ' _Draw-
Cipertte o 1, 4, 913,15
N Gates - . 12

CEelifer o 2,8, 11

. Hertford o s 16, 17 _
‘Martin “ - 6, 10
Nash ' ‘ 19

o Northampton | 3, 5; 18

: »'b_Washington S . 1

The numbers after the riames of the counties tell which random
draws hit each county as well ds the order in which they hit, Bertie
County, for example, was selected on the first draw, but it was hit again
on draws L, 9, 13, and 15, The 19th draw hit the last county needed to
oomplete the sample of 8, We will make use of that record later,

It is olear that on the first draw this method of sampling gives
each county a probability of selection exactly proportional to the 1940
peanut acreage. When more than one county is drawn from a stratum as in
District 3, the probability of a random draw hitting a county 1s also
exaotly proportional to the 1940 acreage, But we may hit a county that
was already selected on an earlier draw, and we are not taking a county
wore than once, That limitation has the effect of disturbing the pro-=
portionality between probability of selection and 1940 peanut acreage in
the county, Later on we will look into this metter more closely; for the
time being, we will proceed Just as though such a limitation did not exist.
We proceed with our computations just as though every county from District
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3 in our sample of 8 iaa selected with a probability exactly proportional
to the 1940 peanut ackeage, . Under that assumption the estimate of the
District ratio of 1945 peanut aoreage to the 1940 peanut acreage computed
from the sample is ¥ = 1/8 (Ry +R2+R3+ .+ Rz ¢ Rg # Ry # Rg) in
which the 8 Rts are individual ratios computed separately for each of the
8 counties in the sample,

It may seem strange that we use the straight avepage of the indivi-
dual county ratios  without weighting each one by the 1940 pea.nut acreage .
in the county. The answer is that in this kind of sempling the weighting
is automatically. occurring by the representation of the different size ’
oounties, A simple example makes this clear. “Suppose we have a stratum
containing only ® kinds of counties, one set having ho acres of peanuts
per county in 19[@ and the othér 5 acres of peanuts per county. Suppose_
further that we Fave 1000 :counties of each kind in our population, Now
suppose that the counties ‘with LO acres of peanuts in 1940 show a 10 per— :
cent inorease in: 1945 while the others show no mcrease. The univers
then has the ohaz‘acteristics shown in Ta.ble 2. SR

Table 2. - Hypothetical Universe Conteuning only 2
Kinds of Counties _ L

T

1940 Peanu{: Number of Total 19)4.0 "Ratio of 19145

acreage, per o Counﬁas Peanut aoreage . aoreage, to 1940
commby ~ - N .j o _ . " doreage’.
L o 1000 o i;o 00 - 1107

The - 191;.5/19)40 raﬂo' ”for the ecntire stratum is o
| (Lw.ooonnﬁ) + L5_.000)(logz 103.9

-

It is CIea.r that the first grbup of counties c'a.rries 8 times a_.é
much weight as the seoond in determining the percent change for the en-
tire stratum,

Now assume that we draw a sample of 180 counties out of this stra-
tum with probabilities proportional to the 1940 peanut acreages, As the
counties of the first kind are 8 times as large as those of the second,
we expect to draw 8 large counties for every small county that is drawn.
The eomposition of our sample should, therefore, be as shown in Table 3,

Teble 3, ~- Expected Composition of Sample of 180 Counties
Selected with Probabilities Proportlonal to 1940
Peanut Aoreages,

1940 Peanut Countieg in 1940 Peanut  Ratio of 1945

Acreage per Sample Acreage in Acreage to

County ~ Sample 1940 Acreage
Lo 160 él,00 110

5 20 100 100
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g Introductlon to Mathematics of Sampling with
Probabilities Proportional to Size

. In this lesson we will formulate & mathematical model that can be
used for studying samples of the kind taken in District 3. It is not
the only mathematical model that could be used and it may. not be the
best; in fact, we will later on consider a slightly different ome in
csonnection mth a different method of expanding the sample., At the
moment we do not know which of those methods of expanding the sample :
is the better, one of the reasons for working through this experimental -
sampling problem is to get some information on that point, The mathemaw

- tical model thdt we will consider at the moment involves regarding the . - °

_ have

3

population of 16 counties in District 3 as appearing in 16 different
strata with 1“county per stratum, We will let the symbol Py represent

the probability of selecting a county from the 1-th stratum on a single-

drr;v.w.16 sa s.'engle drew is certain to hit one of the 16 counties we must
s - (p ) e ‘ ,
i-= 1 1 : : !

: In our particular problem the P, are proportional- to the 19140 peanuh

'~'acreages- they oan be computed simply by dividing the 16 individual
. ‘tounty acreages by the total acreage in the District, - This gives the fol=
“lowing, resul’ca, using the same order in which the counties are hsted in:

IST = Ll: ‘

P, = 0,15335 Pg = 0,00000 . Py = 0.10709 Py3 = 0.00811
Py = 400155 Py = +09633 Po = -091L Pyj, = 03512
Py o= W0517Th Pz WOBLT3 Py = L0179 Pig = +00256
B,’= .00029 Pg = Q7T Py, = 17663 Pig =, 02BTL

. -To open the discussion we will first oonsider thq éimpler problem of
how this model would behave if all of the P, were equal to each other; in

other words, if every county were given an equal chance of coming into
the sample as in ordinary rendom sampling, Representing that probability
by P, we would have P = 1/16, because on ‘a single draw we would have omne
chance in 16 of hltting any particular oounty, Suppose now we ses what
happens when & single county is selected at rendom from the list of 16
and each of the 16 counties is given an equal chance of being selected.
First of allfwe know that déne county will be selected, We can write the
number 1 opposité the name of that county and record a zero opposite the
neme of each of the other 15 counties. These numbers are the observed
freguencies with vhich each of the 16 counties appears in that particular
semple, We could try the experiment over again, and again write the num
ber 1 opposiet the name of the county selected and geros opposite all of”
the others. If wo were to continue this sort of experiment indefinitely,

ave

FOAMTY S AT LOLrathy
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we would find that opposite the name of each of the 16 counties we would
have the digits O and 1 appearing a large numbér of times, with 1/16 of
those digits being 1 and 15/16 of them being o, The distribution of those
ones and zeros for any county would represent a random arrangement. Con=
sequently, we can say that the average or expected number of times each
of the 16 counties in the universe appears in a sample of one county is
1/16 which, of course, is equal to P,

Now suppose, that we repeat the entire experiment but teke 2 counties
in our sample each time. By putting 1 opposite each of the 2 counties
selected and O opposite the 1l not selected each time, we would find that
when we ended the experiment 2/16 of the digite opposite each county would
.be 1 and 14/16 would be. 0. Consequently, we can say that in a random se-
lection of a sample of 2 counties, the average or expected number of lines .
each of the 16 counties appears-is equel to 2/16 or 2P,. In general, we .
say that the expected number of times each county in the wmiverse appears .
in e sample 'of n counties ia equal to nP, .In this particular example we
f£ind that if we teke n = 16, the expected number of times each county ep-
pears in the sample is 16P = 1, -That is merely another way of saying that
when the number:of:counties in the sample .is-as large:as: the number of,. -
counties in the universe, we are certain to have every coumty in the uni=
verse included in the sample, - '

As there is only one county in each of the 16 strata, as we picture
the situation, wé can say that the expected number of times sach of the
16 counties appears in a sample of n also represents the expected fraction
of that stratum that appéars in a sample of n, For example, a total sample
of 8 counties would -take an expected fraction of 8P = 8/16 = % of the coun-
ties from each of the 16 strata, We will represent this expected fractim
for a sample of n counties by P Now we can write the equations

-

ggnP : .

. or
Ps ?)/n

In any sample of n counties we will represent the observed fraction taken

from a stratum by p, This observed fraction will- be either 1 or 0, de=

pending upon whether or not the corresponding county was selected. With

this concept in mind we can write any formule involving data for a sample

of n.counties in tetms of the entire universe, For example, if X; repre=

sents the l'%oﬂpeanu‘t acreage in a county, the per-county average for a
rendom sample of n counties from the population of 16 can be written

B RS o DR T

If we are talking about a sample of 8 counties, 8 of the py will be equal

to 1 and the remaining 8 will be equal to zero, 'gherefore; we wduld"h‘ava

only 8 terms other than zeros in the expression % pixi and the formula re-
o i1 - 8 values of -

duces to the ordinary expression for the arithmatic mean of/X;e But writ-

ing the formulae for X in the form given above has quite a. - ‘
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few advantagos for,purposés of mathematical analysis, For example, it
is a simple metter to prove that X is an unbiased estimate of the core -
respond_ing population mean, The expected value of any of the Py is

given by

-

. A .
E(py) 2P =znP -

2
A

Hence: the ex;‘f_é?ofed vél‘ue__ of ES is. given by ‘ -
TUE@ R r K b X k-t K ) e

116(%) + Xy + X5 # === § Xp¢)
which is the exact mean for all countles in the District. .

. Now oonsider what happens when the probability of selecting a county
is proportional to the }9140 pe’gnut aoreagse; that is when the Pi haye the

values giwen earlier in this paper. If we stick to the mathematical model

"wo have been talking about, the expected fraction takem from the i-th

stratum in e sample of n counties is given by, P; = nP,. We are now ready

to show that eccording to this model the proper average 1945/1940 ratio
for estimating the percent change in peanut acreage for Distriet 3 is

_given by the straight average of the ratios for the individusl counties

in a sample of n. The 8traight average of the ratios for a sample of n-
is given by - : ‘ '

KapR ¢ 5Ry + == ¥ g Ryg
L ‘ n . s N
whero the ‘pi are either gerc or unity (n of them are unity). Using the
same reasoning that was followed earlier in this lessom, the expected
value of this average is ' cro
- A : A
n

n
PRy + FoRp ¢+ === %+ P14 Ryg

But since the Py are proportional to the l%géaéreages and the sum of the
16 values of P, is equal to 1, the quantity § P, Ry is simply the weighted
iml )

average 19L45/19L0 ratio for the 16 counties the District with the 1940
county acreages serving as the weights, This proves the important princi.ple
that if our mathematical model were vigorously correct, the straight aver:ge

of the individual county ratios is actually an unbiased estimate of the
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= frati‘f"“f&%' “the District, ' Several of 6ur people have berea,
worrled about t}ﬁ,- tter of working with the straight avérage of these
retios in the"bhmpl ‘@atdly the proof Just given is the mathematical way
of showing how the method of drawing the sample automatically takes care.
of the weighting, This proof, together with the discussion in IST=41,
should clear the matter, \ip.. In fyture lassons we will show that the
model with which #eiare working has some defects; we will examine those
defeots. and,try‘,,séve,l'a-l different methodb of. .oyercoming them, We will
find that: ‘theoretisally.the stralght /average ‘of "thé individml county
ratios requires an. adju;tmeqt in order to make' 'a.n unbiased estimate
of the migh'bed avérége Distriot x‘atio. R !
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In IST-42 we proved that, if the probability of selection for the
i-th comty in a sample of n is equal to Py (where Py 1s proportional to
the 1940 peanut acreage), the straight average of the n values of the
ratios Ry for the individual countles actually is an eatimate of the
weighted average ratio for the District, However, we warned that there
was a defect in our model, It was evident in drawing your samples that
some counties were hit by random numbers more than onoe, even though
those osounties were not used more than once, and that this gemerally hap=
pened to the ‘larger counties in the District, Obviously if the larger
counties tend to be taken out of the universe on the early draws, all fol~
lowing draws oan only make selections from among the smaller counties that
are left, As a result we find that only for a sample of .1:county is the
probabllity of selsction for the i<th cointy exaotly equal’ to ‘Pyy: for " -
semples of n greater than .1 the probability of selection for the i-th
county will not be exactly equal to P, -In.fact, as n approaches 100 per-
cent of the universe, the true probébhity approaches 1/N as in ordinary
random sampling with equal probabilities,

We will now investigate a method of correoting for that discrepancy
that Hendrioks suggested about 2 years agé but that has not been tested
up to this time, Later on we will compare the results with those from
other methods that have been proposed for dealing with tho problem.

The problem is brought to the fore rather forcefully when we consi=-
der the formula given in IST-}l for computing the expected fraotion of
ocounties taken from the i-th stratum in a sample of n:

/l;::dP‘

When wo mpply this formule in situations where P varies from county to
county, wo have .. ST '

A
pi =nPi

When we do this we often find that nP comes out greatei'. 4than uﬁity,, whioh
of course, is nonsense, T hat a.otualiy happens with the.first county in
District 3; in e sample of 8 counties we would hawéds :

Py = (8)(0.15335) = 1,22680

The problem reduces to finding the correct probability Pyt which must
be substituted for P; when n is greater than 1, P;! olearly depends upan
the total sample size, for it has the value Py; when n = 1 and the value
1/¥ when n = N, That exaot probability can be computed but the computations
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would be extremely tedious except in a simple laboratory exercise where
we might consider a sample of 2 or 3 drawm from a small population of 5
or 6. The arithmatic would be prohibitive in a practioal problem. -

Hendricks has proposed an approximation that we will test in this
class, The approximation is based on the plausible assumption that the
expected number of counties scleoted from the i=th stratum on a single
draw is equal to the product of P, and the number remaining in that
stratum from previous draws, %he first draw we have Py = 1 Pi' On
the seeon/d\ drawing we get (1 = P,_)Pi mking e total for the 2 draws
equal to’p; w 1 Py ¢ (1 = P;)Py =1 = (1 = P;)2, It can be shown thet

for t drawings we have . ~
: pinl-('Pi)t. B
" 1% should be poted that t refora to the number of random mmbers that -

have becn drawn and not to the npumber of counties seIec’Ee‘é. mer draw-?
ing t random mmbera we expeot ﬁi counties to be seleoted from the ;l-th

stratum, ' Hence, the total number of counties selected from a tmjv‘erse
of N covmt:les by drawing ¢ random numbers is - .. a0 o et R0 ol

N
-S{)\i-N-S(l-Pi)t
fml 1el. L

In our problem this means finding the value of t that vrlll glve us

: 16 . SR ;
.16 - (1-Pi) o .o
| or
16 \
' S (1-Pi) = 16-8
i=1 ‘

Such an equation can not be solved for t by any simple, straight=forward.
algebrac:.c prooeas. But it can be solved without too much difficulty in
the present ease by lettlng t take on the successive values 1, 2, 3, L} ===,
until we reach a value that makes the sum of the (1 - Pi) equal "to16 - 8.

For our data in Distriet 3, the required value of t is slightly over 18
(approximately 18427). From the relation ‘f)‘i 1 « (1 =P, )t we can eom-
pute the gcorreot wvalue of p for each stratim for our sam%le of 8, .

should also be noted that the correct probability of seleotion for. each

of the 16 counties in a eample of 8 is given by
Pii pi/B

These exaot probabilities and the ratio Py/P;t are showmn in the fellowlng
table for each county in District 3,
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~ Cownty - B Py/Pyt
Bertte . . 0,15335 0 o.agor. 1,2885
camden w0015 ¢ Looe - . i
Cchows - L0R1h . .o7i6e 6666
. Currituck - ‘.09029 | | 00066 L3gl
‘Dare . . . . ,00000° 00000 ~~ 1.0000
Edgecombe S 0933 Coa0s3 0 sl6
CGates . .08473 o828 - ..a1T
mliex o oamh e 1630
Hertford - -,..,10'709', T ‘.10.919 . . .9808
Martm - T - Caodh 901h
Nash T am | o3l Jsody
Northampton AT665 a2 LU5l9
Pasquotaiik 00011 00473 . i
Porquinans 03512 ¢ 05953 .5660
Tyrrell 00256 L00572 - 76
_.Wgs.hington 02871 - 05157 . . «5567

The ratios in the last eoclum of the table are of particular in=
terest because they are used to get an unbiased estimate of the average
ratio R for District 3, In a sample of 8 counties, the ratioc for each
county in the sample should be multiplied by the corresponding value of
P;/P;t for that county, The value of T is then. obtained by dividing the

sum of the 8 products by B, It is easy to prove that this gives an un~
_biased estimate of the 1545/19L0 District ratio, Writing the formule
for ¥ in terms of all 16 counties, we have

R = py(P)/Py')R) ¥ by (Bp/Pp') Ry # w== # By (Pyg/Pit)Ry
~— 2] - .

B =By (PPt By 4B (B/B1) Ry + == 4 Bg(Rre/Prg IRy
g

8 Pyt (Py/P)")Ry ¢ BByt (Pp/Ppt)Ry & === # 8 Pygv (Py/Prgt)Ryg =
2 ’
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Each member of the class is requested to recompute the average 1%5/
1940 ratio for his sample of counties from District 3 by this method and
use this new value for the District of X to get a better estimate of the
1945 peanut aoreage in North Carolina, The results will be compared with
the results obtained previously when the straight average of the 8 county
ratios from Distrioct 3 was uaed to represent the Dictriot.

This method of weighting has some interesting properties. If only
one county had been selected from District 3, we would have t g 1 and-

"Pi' E ZE‘ + If all 16 had been included in the sample we would have ¢ u‘

aoand P ' w 1/16, Our formulas thus give exaot results at the 2 ex~

- tremes,: In between, we are dealing with approximations; but there is

good reason for believing that the approximations are close to the truth,

The. members of the class may be,interested in knowing how the 16 values

of Pi' wore oomputed. The first step was to compute the 16 values of °

(1 - Pi)t for walues of t @'}4.2, 3, ~ = = =, each time getting the sum

of those 16 quantities, Por t 2 18 that sum was 8,04208, For ¢ = 19~

";; the Sini’s WM 7.8840l;. As wewditsthe sum to be emotly 16 -8 & 8, we;;, f
 ‘kmow that the exnot value of t 15 somewhere between 18 and 19. These '
- data‘are. slmm below: RN S

Coun '..,.:\ o (1-P1)18 ia (1-P1)19,;1‘:‘,,: Dif_f_'erencggi:_

, -.‘1-x;_‘s‘,u,_ 0.04997 ;\.:;;,;{x.,:;,' 0.0L231 . . 0.007“,7;‘.;;
27 o7l o, 97095 . 00151
3 3833 6k . .o1089.
Lo - OLT8 . o9llg < - 400029

C 5 14000000 " 1,00000". 00000

| 6 :'»‘_’j 1‘7.16150}3 S . .1'h59l;: S .01555'?
I N S 01987
8- 2953 - - .oled .00525 _
9 . .15015 L aaeel 0139
- 26870 o aseee . ,01588
111‘ o ; .72232 . R ‘70938 O 0129,
2 wojes o odel 0053
13 o269 «96066 400203

m R .5251‘14 - v.,5069'9. 4 .018)45



: (1-P1)19, o Difference .
ol o2kl

.57@ o e

P
J o ‘Total

o ’MP. _1/," e L

- It we multiply eaoh of the differences in the laet eolunm of this table
- by the faotoyr. 0.014208/0,158014 .0426626, end subtract the result from the
oorresponding value of (I = P4)18 we should get 16 values of (1 = Py)b
that add up to exaoctly 16 = 8 s 8. We do not need to now the exect
. value of ¢ corresponding to this adjustment, but it obviously has a value
- somewhere in_ the neighborhood of 18,27, These adjusted values of
. (1-P5)¥ are ‘shown below,: “ogethor’ VALK the estimates of P} and estimates
: di:i the?y?e;l:apt" probabiliw, Pit s of ‘selection for eaoh of the 16 oounties :
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The:values:6f P,! shown above aie the values that appg,r in 'bhe second‘, b
'column of the table on page 3 . -

-
s

IST=}3  —=ebe-= ‘ o L

The numerssd) work shovm a'bove may seem to be exceasive. But it 2

_should be. rioted that when we are drawing samples fram. fai.rly large popu=

lations 4t is possible to use short-cuts in estimating the. appropriate

value af &, Most of the sampling wiits likely to be- tmmﬂoted in our .
iy ~ work have frequenocy distributiovswith respect to size that ‘6an be re=
e presented fair‘.ly well by 8 Pearsonian Type III curveg

T T dFs g c‘h&b‘l

ie O . e, . T . .
G : ot B S :‘

FaEl o

é.’qsumg thisksort of frequency distributibn 11: 18 rairly easy

.b;, ) PR

ﬂn’ .;,

. \w,,-_:,l,;,; n.= num'ber ot‘ units in the ‘sample L

ng ;0; /;- coefﬁcient of vériability o:t’ size of
wmits in the population. - A

o I‘&“ 18 mstruot:lve to a6 ‘how this formila worhdn District 3, where
"N s 16 for our semple of n =z 8.+ The squared coefficient of variability

of the 1& 19L|.0 peamr!; a.oreages 15 0.9836¢ The equation becomes

=(o 5)0:9836 50572

\]

Solving for £, we get ta 15 9. In round numbera tpis indica‘l:a.s that 16
random numbers would neéd to be drawn to get the required quota of 8
counties for the samplo, . This does not differ mch from § = 18,27 oom=
puted by the more laborious method described previoualy, in fact, it is
rather surprising that. this. 1atﬁer method gave suoh .good results for such
a smll population, :
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